trout and brook trout to interact. Most experiments have occurred in laboratory stream channels (Griffith 1972 , DeStaso and Rahel 1994 , Thomas 1996 , Novinger 2000 , Buys 2002 or in fenced stream enclosures (Thomas 1996 , Hilderbrand 1998 , Schroeter 1998 , Novinger 2000 . Other less rigorous studies have been conducted using stream surveys (Griffith 1972 , Nakano et al. 1998 . Different response variables have been measured in these studies to directly or indirectly document competition. Direct measures of competition have included the observation of agonistic behavior or feeding interference, whereas indirect measures have included growth, microhabitat use, or emigration in other species (Connell 1983) .
Among the many published competition studies, few examine the effects of fish density on competition between cutthroat trout and brook trout. Schroeter (1998) found that when brook trout occur at high densities, cutthroat trout feeding rate and territory occupancy are significantly reduced. He suggested that fish density might be a factor that facilitates the observed patterns of segregation between cutthroat trout and brook trout coexisting in the same stream. Peterson et al. (2004) speculated that the presence of brook trout in high densities may reduce age-0 recruitment and subsequent survival for cutthroat trout and that this interaction at the youngest life stages may be a critical mechanism for replacement.
Our objective was to determine the effects of fish density on potential interactions between Bonneville cutthroat trout O. c. utah and brook trout. We hypothesize that fish density may play an important role in determining the growth, distribution, and displacement of native cutthroat trout when in the presence of introduced brook trout. We predict that negative interactions will be most pronounced at higher fish densities where stream resources are limited. At high densities, dominant fish will likely outcompete and exclude subdominant fish from even marginal habitats. Exclusion of subdominant fish may result in detrimental effects to their physical health and condition (Elliott 1990) .
METHODS

Study Area
Beaver Creek is a second-order stream in the Bear River drainage that originates at 2400 m elevation. It flows south from Idaho for approximately 10 km before crossing into Utah and continues another 9 km before entering the Logan River. Approximately 60 km of connected stream are available to fish. Beaver Creek contains self-sustaining populations of stream-resident Bonneville cutthroat trout and brook trout. Densities are relatively high, averaging more than 0.1 trout ⋅ m -2 . The study location resides in the uppermost 6 km of stream occupied by trout (Fig. 1 ). This area is entirely national forest with minor recreational and cattle-grazing impacts. Habitat conditions include high-gradient reaches (3%) with step pools under a forest canopy of lodgepole pine Pinus contorta and Douglas-fir Pseudotsuga menziesii, low gradient reaches (1%-2%) that meander through grassy meadows, and beaver ponds with dams constructed primarily of willow Salix spp. Our study sections were located in the low-gradient reaches, where both species are sympatric.
Experimental Methods
In 1997, we placed equal numbers of wild Bonneville cutthroat trout and wild brook trout into fenced stream enclosures in Beaver Creek, Idaho (Fig. 1) effects. Beaver Creek is a high-elevation, second-order mountain stream with naturally reproducing sympatric populations of both trout species (Hilderbrand 1998) . We measured fish growth and emigration rates as the response variables during 2 enclosure trials (1997-A and 1997-B) to indirectly document competition. We used 3 density treatments relative to the ambient conditions occurring naturally in the creek in order to ensure a competitive response and to determine density-related effects. Ambient densities were defined in previous studies by Hilderbrand (1998) and Buys (2002) . The 3 density treatments were low (0-0.07 fish ⋅ m -2 ), ambient (0.08-0.25 fish ⋅ m -2 ), and high (0.3-0.45 fish ⋅ m -2 ). We also assessed the influence of intraspecific competition (cutthroat trout only) under ambient densities. 1997-A EXPERIMENT.-During the month of August 1997, we conducted concurrent experiments to test the effects of competition on fish growth and emigration. We established 5 replicates each of the ambient-density and lowdensity trials to document interspecific competition. The ambient density (0.08-0.25 fish ⋅ m -2 ) treatment consisted of similarly sized and equally numbered (up to 4 each) tagged cutthroat trout (21.1 cm, s x -= 0.6) and tagged brook trout (20.4 cm, s x -= 0.7) stocked into five 12-meter-long stream enclosures for 31 days. Fish growth and emigration were the response variables measured. Whereas growth was measured at the end of each trial, emigration was measured daily using one-way fish traps built into the upstream and downstream fences of the ambient-density enclosures only. All fish attempting to emigrate during a trial were placed back into the stream enclosure from which they came. In order to meet the low-density requirement (0-0.07 fish ⋅ m -2 ), we stocked equal numbers (up to 4 each) of similarly sized tagged cutthroat trout (21.6 cm, s x -= 0.5) and tagged brook trout (19.8 cm, s x -= 0.4) into five 30-meter-long stream enclosures for 31 days. Fish growth was the response variable measured at the end of the trial.
We stocked similar numbers (up to 8 fish total) of cutthroat trout only (20.5 cm, s x -= 0.3) into another set of five 12-meter-long stream enclosures to form an allopatric treatment to evaluate the effects of intraspecific competition on growth at ambient densities. Fish growth and emigration were the response variables measured. Intraspecific tests with allopatric cutthroat trout at low fish densities were not conducted.
Concurrent with the enclosure experiments, ambient densities of similarly sized tagged cutthroat trout (n = 33, x -= 19.3 cm, s x -= 0.4) and tagged brook trout (n = 28, x -= 18.4 cm, s x -= 0.5) were stocked into a 200-m unrestricted reach of Beaver Creek. We termed fish in this 200-m section as "free-range" and tested for cage effects during the 1997-A experiment by comparing the growth of freerange fish to the growth of fish in the ambient-density stream enclosures. Lack of differences in fish growth between the free-range fish and ambient density stream-enclosure fish would likely indicate that enclosure results were from competition rather than from cage effects.
Stream 1997-B EXPERIMENT.-During the month of September 1997, we randomly selected fish used during the 1997-A study to use in conducting the 1997-B study. We restocked at high densities (0.3-0.45 fish ⋅ m -2 ) equal numbers (up to 8 each) of similarly sized tagged cutthroat trout (21.5 cm, s x -= 0.4) and tagged brook trout (21.2 cm, s x -= 0.3) into five 12-meter stream enclosures for 29 days to evaluate the effects of interspecific competition at this density. We measured fish growth and emigration as the response variables. Comparable intraspecific tests using only cutthroat trout were not conducted at this density because the tests would have required an unacceptably large number of cutthroat trout for replication.
We tested for time effects during the 1997-B experiment by restocking tagged cutthroat trout (n = 22, x -= 20.1 cm, s x -= 0.5) and tagged brook trout (n = 23, 19.9 cm, s x -= 0.5) at ambient densities (0.08-0.25 fish ⋅ m -2 ) back into the unrestricted 200-m reach and compared their growth to the growth of the ambient-density, free-range fish that occupied this section during the 1997-A study. Differences in fish growth between the 1997-A and 1997-B ambient-density, free-range fish may indicate the presence of time effects. The presence of time effects would likely preclude the use of statistical tests between the 2 studies (1997-A and 1997-B) . However, the presence of a freerange, ambient-density reference during both experiments allows for inference about the relative effects of density in the face of time effects.
Stream conditions in the enclosures and in the unrestricted 200-m reach of Beaver Creek during the 1997-B experiment were as follows:
and mean water temperature of 5.6 °C (s x -= 0.1; range 0.8-11.1 °C). Channel width and depth were reported previously in the 1997-A section.
Statistical Methods
We used analysis of variance (ANOVA) to test for among-group differences in fish growth and emigration rates across trials, including cage-effect tests, and to test for time effects between individuals in the 1997-A and 1997-B experiments. We used the Spearman rank correlation to examine the relationship between response variables. An α level of 0.05 was used to evaluate statistical significance. All statistical tests were performed on natural-log-transformed data to better meet assumptions of normality and homogeneity of variance. In addition, we standardized fish growth to account for differences in fish size (log e g ⋅ g -1 d -1 ⋅ 10 4 ). It was not necessary to standardize the emigration data (log e movements ⋅ fish -1 study -1 ).
RESULTS
Time Effects
Strong time effects were present between the 1997-A and 1997-B 200-m free-range experiments. Both cutthroat trout and brook trout gained weight in the 1997-A and 1997-B ambient-density, free-range experiments; however, weight gain in 1997-A was significantly higher than in 1997-B (F 1, 44 = 9.30, P = 0.004). Total weight gain in grams by cutthroat trout and brook trout was 8.2 (s x -= 1.2) and 9.3 (s x -= 1.5) in 1997-A and 6.3 (s x -= 1.9) and 3.9 (s x -= 0.9) in 1997-B, respectively (Table 1) . Weight gain was higher in 1997-A, even though approximately 36% more fish were stocked into the 200-m reach during this experiment (Table 1) . We found no differences between species (F 1, 44 = 0.08, P = 0.775), nor was there a time × species interaction (F 1, 44 = 1.02, P = 0.318).
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Cage Effects
We found no evidence for cage effects on growth during our experiments; growth rates were similar between the 1997-A ambientdensity, stream-enclosure fish and the 1997-A ambient-density, free-range fish (Table 1 ; F 1, 44 = 0.23, P = 0.656).
Growth
Brook trout always outgrew cutthroat trout within a trial, and the differences were more pronounced as fish density increased. In the highest density trial, cutthroat trout lost weight (Fig. 2) . Total weight gain by cutthroat trout and brook trout was 11.9 g (s x -= 1.9) and 22.7 g (s x -= 3.3) at low densities (F 1, 4 = 20.8, P = 0.010); 6.8 g (s x -= 1.9) and 12.1 g (s x -= 2.4) at ambient densities (F 1,4 = 11.1, P = 0.029); and -3.6 g (s x -= 1.0) and 1.1 g (s x -= 0.4) at high densities (F 1, 4 = 17.5, P = 0.014), respectively (Table 1) . We found no differences in weight gains of cutthroat trout at ambient densities between inter-or intraspecific trials (F 1, 8 = 0.79, P = 0.401; Fig. 2 ).
Emigration
Emigration by cutthroat trout substantially increased as fish density increased, but brook trout remained largely unaffected. In the ambient-density, stream-enclosure experiment (Fig.  3) , cutthroat trout had higher emigration rates, but the difference was not significant (F 1, 4 = 1.44, P = 0.296). The number of emigration attempts displayed by ambient-density cutthroat trout and brook trout was 0.69 (s x -= 0.18) and 0.50 (s x -= 0.18) moves ⋅ fish -1 study -1 , respectively (Table 2 ). However, emigration by cutthroat trout in the high-density, streamenclosure experiment was significantly higher (1.7 times greater) than emigration by brook trout ( Fig. 3 ; F 1, 4 = 29.8, P = 0.006) at 1.13
(s x -= 0.16) and 0.65 (s x -= 0.16) moves ⋅ fish -1 study -1 , respectively (Table 2) . No difference in cutthroat trout emigration existed at ambient densities for inter-or intraspecific trials ( Fig. 3; F 1 Table 2) .
The results of our emigration study reflect the movement of many fish, rather than the movement of a few fish that had the tendency to move (Table 2 ). In total, 47% of the ambient-density interspecific fish and 50% of the ambient-density intraspecific fish attempted to emigrate. In the high-density test, approximately 58% of the fish attempted to emigrate. The majority of these fish emigrated only once or twice during an experiment, with the maximum number of emigration attempts being 4 times (Fig. 4) . In the ambient-density tests, most emigration attempts were in the upstream direction, with upstream movement occurring at a rate of 75% for brook trout, 36% for cutthroat trout, and 65% for intraspecific cutthroat trout. In the high-density tests, upstream movement occurred at a rate of 85% for brook trout and 71% for cutthroat trout. Relationships between fish density and growth (g) across trials of sympatric brook trout and cutthroat trout and for allopatric cutthroat trout. Represented are the mean, the 25th and 75th percentiles (box ends), and the 5th and 95th percentiles (whisker bars). An asterisk (*) denotes statistical significance (P < 0.05).
Correlation between Growth and Emigration
We observed a strong negative correlation between fish growth and emigration for cutthroat trout in interspecific trials at both the ambient-density (r s = -0.63, n = 11, P = 0.032) and the high-density (r s = -0.68, n = 14, P = 0.007) stream-enclosure experiments (Fig. 4) . We observed no indication that these variables were correlated for brook trout at either ambient (r s = -0.19, n = 9, P = 0.612) or high densities (r s = -0.04, n = 13, P = 0.892), or for cutthroat trout in intraspecific trials at ambient densities (r s = -0.18, n = 13, P = 0.553; Fig. 4 for stream-enclosure density treatments with migration traps. . Relationships between fish density and emigration (moves · fish -1 study -1 ) across trials of sympatric brook trout and cutthroat trout and for allopatric cutthroat trout. Represented are the mean, one standard error (box ends), and the 5th and 95th percentiles (whisker bars). An asterisk (*) denotes statistical significance (P < 0.05).
fenced stream enclosures, and these effects are particularly apparent at higher densities. Brook trout also appear capable of maintaining positive growth under increasing fish densities, while cutthroat trout growth is dramatically reduced. Our results suggest that higher densities of both brook trout and cutthroat trout cause a decline in growth and increased emigration in cutthroat trout. Brook trout may have the ability to exclude cutthroat trout from preferred feeding areas (our stream enclosures were placed in a very productive stretch of Beaver Creek known to contain many cutthroat trout), and as a result, cutthroat trout may lose weight and try to emigrate more frequently in search of other available habitats.
Brook trout reduced juvenile cutthroat trout survival at mid-elevation habitats in Colorado (Peterson et al. 2004 ). Thomas (1996) cutthroat trout in the laboratory; and in the field, cutthroat trout had reduced lipid levels when brook trout were present. DeStaso and Rahel (1994) reported brook trout being more aggressive and outcompeting cutthroat trout for food and habitat resources at higher water temperatures. Novinger (2000) and Schroeter (1998) observed similar findings: brook trout were more aggressive, captured more food items, and either gained more weight or had greater feeding efficiency than cutthroat trout. Resources appear to be limiting to cutthroat trout regardless of the presence of brook trout. Cutthroat trout that did best in the allopatric tests grew much less than those individuals that did best (primarily brook trout) in the sympatric tests. This finding supports the hypothesis that competition for essential resources may be greatest within a species due to the absence of niche partitioning (Underwood 1986 ). This finding is also consistent with other cutthroat trout and brook trout studies that show greater effects from intraspecific competition (Nilsson and Northcote 1981 , Kennedy and Strange 1986 , Kocik and Taylor 1994 , Byorth and Magee 1998 , Schroeter 1998 , Buys 2002 .
The effects of fish density on competition in our experiments are more speculative due to the presence of time effects. In our study, time effects were likely caused by cooling water temperatures between experiments. As such, time effects could not be distinguished from possible density-related effects. Statistical tests were therefore limited to within experiments only, and any comparisons made between the different density treatments were necessarily subjective. Because of this, we approached the comparative analysis of fish density with caution.
In all 3 densities, we observed brook trout gaining more weight than cutthroat trout and cutthroat trout actually losing weight at the highest density. Similar incremental declines occurred in growth of coho salmon as steelhead trout densities increased by 1 and 2 times (Harvey and Nakamoto 1996) . However, decreased growth was not restricted to cutthroat trout; we observed decreasing growth in both species as fish density increased. This negative relationship has been widely reported for both species in aquaculture (Vijayan et al. 1990 , Kindschi and Koby 1994 , Wagner et al. 1997 , Marchand and Boisclair 1998 .
Cutthroat trout attempted to emigrate more than brook trout at high densities. Greater emigration by cutthroat trout may be due to the presence of competing brook trout or due to less tolerance for higher densities of individual fish, regardless of species. Schroeter (1998) observed brook trout excluding cutthroat trout from preferred feeding areas at high densities, while Marchand and Boisclair (1998) observed brook trout displaying significantly more competitive interactions when densities were high. Peterson and Fausch (2003) reported invading brook trout placing pressure on the downstream limit of a cutthroat trout population, as nearly 80% of captured, marked brook trout moved upstream.
Although cutthroat trout and brook trout responded similarly to increasing fish density, the effects on brook trout appeared to be less dramatic. Given the relative growth differences between both species, brook trout appear to be able to mediate the effects of crowding by utilizing limited stream resources. Brook trout are known to occur at high densities in the wild (Griffith 1972 , Johnson et al. 1992 , Dunham et al. 2000 and may be able to withstand higher densities than cutthroat trout can tolerate (Schroeter 1998) . The ability of brook trout to persist at high densities is best reflected in their tendency to school in large groups (Power 1980) and to occupy beaver ponds in dense congregations (Johnson et al. 1992) .
Compared to cutthroat trout, brook trout may also have a more efficient feeding strategy, greater plasticity in feeding, and the ability to switch feeding modes based on the availability of invertebrate drift or benthos (McLaughlin 2001) . Brook trout select bigger, more-energetically profitable food items than cutthroat trout (Dunham et al. 2000) . This behavior may promote greater growth as well as facilitate a size-dominance hierarchy that could result in the displacement of cutthroat trout (Griffith 1972 , Novinger 2000 , Buys 2002 . It is unlikely, however, that the findings from our study are due solely to the ability of brook trout to outgrow cutthroat trout, since cutthroat trout and brook trout in Beaver Creek have similar growth rates and feeding preferences (Hilderbrand 1998) .
Brook trout appear to have an advantage over cutthroat trout in acquiring limited food and habitat resources. Although our experiment was not designed to identify specific mechanisms, we documented brook trout outgrowing cutthroat trout in all 3 density treatments, with the most significant differences occurring at high densities where cutthroat trout lost weight. Weight loss by cutthroat trout during the summer growing season may cause many cutthroat trout to have fewer reserves for winter and to experience a higher rate of mortality (Thomas 1996) .
In contrast with other studies that have documented the decline and ultimate displace ment of cutthroat trout, we observed interactions between 2 species that have existed together since the early 1900s. While we are unsure of the current trajectory of the invasion, there appears to be coexistence in almost all areas of Beaver Creek. There may be a number of explanations for this. Brook trout are absent in highgradient reaches, a situation which may provide important refugia for Bonneville cutthroat (Hilderbrand 1998) . Bonneville cutthroat in Beaver Creek are also connected to a larger fluvial system in the Logan River and exist in a well-connected system of tributaries. Larger fluvial fish are still present in the Logan River, and the ability of cutthroat to freely migrate may provide additional population support. Brook trout are typically found at much lower densities in the upper Logan River (unpublished data) once Beaver Creek joins the river.
In addition, brown trout are present in the lower Logan River and in small mainstem reservoirs. Brown trout have occupied the river for over 100 years (Budy et al. 2003) . While negative effects of brown trout on Bonneville cutthroat have been documented, Bonneville cutthroat are still well distributed in the main stem and in other tributaries of the river above an irrigation reservoir that blocks upstream migration. McHugh and Budy (2005) speculate that temperature conditions in the upstream areas of Logan River may limit colonization by brown trout, thereby limiting the zone of interaction.
Bonneville cutthroat trout in the Logan River represent a unique native-trout fishery that has persisted for a relatively long period of time in the presence of 2 nonnative competitors. While introductions of nonnative trout have contributed to the decline and eventual disappearance of native cutthroat trout elsewhere, Bonneville cutthroat trout have managed to persist in this system. Although we are unsure of the current trajectory of the invasion, we believe that there is a unique opportunity to continue investigations into the interactions between these species and to explore the mechanisms responsible for their coexistence. 
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